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ABSTRACT : PURPOSE: To provide the thin-film semiconductor device for the liquid crystal display 

device which is suitable for larger sizes/higher definition, realizes a high yield and can be 
produced by simple staged. 

CONSTITUTION: Scanning signal electrodes are constituted of laminated films of Ta 
electrodes 10 and A! electrodes 1 1 , the main surface of which is oriented to a (220) face. 
Anodically oxidized films 20, 21 are formed on the front surface/ flanks of the laminated 
films. External connecting terminal parts are formed by etching away the Al electrodes 1 1 
of the upper layer with the anodically oxidized films 20, 21 as a mask to expose only the 
Ta electrodes 10. An a-Si:H film 30 and a gate SiN film 22 are worked to the same 
patterns. Shorting defects are decreased by suppressing the hillock of the surface. The 
external connecting terminals having high corrosion resistance are realized. This structure 
is formable by one time of photolithographic stage and the production process is 
simplified. 
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I 

m&mu (220) m&m&mzvmzuz&o 
iznmvti&sk&t (200) mt>mms\z¥ff\z&z 

[»3fcB2J (2 2 0) ®*«3feM^fft3&*J:5 

twEi6jLfc«sft«Lt (i ii) mmmstz^-mztzz 
« $<£*r*#i 2 #@ k^js 2 cose 

[SSf^4] Ta, Ta-N^, Nb, Nb-N^ 
Ta-Kb^, Ta-Nb-N^, Ta-T 
Ta-Ti-N^, W, Ta-W^ ( Ta 

A 1 *i^Aift£/ft$}>£r*£fc#£fcDttraicD 

2 osmetic j: DMsn& 

T, 

BftiSA i KifcttA i &^c»t-rs^Bc**n* 

(2 2 0) Bi«»*«iiflcTfTfc3a:*«fcdfc:BrtLfcJlsa 
(2 0 0) BB*««*WCTfffca:-BJ;3fcErtiU& 
Mtt£®(tfajtft o. 5JK±T**j:t«»«tr 

a«, (220) mm&miz^mztsiz.ksiz&mvfr 

(2 0 0) WjWBSWffif CTfriCft Z>£<5 izmfa 
L&tefi*fci:<B#«Jt**, 0. 5£U:T&*A1£3;& 

h ^ >>>X* lei: DreA£«&r*«A3c3K&fifc43 H 



(2) W6-2 1 4 2 5 5 

Ta, Ta-N^ Nb, Nb-N^, Ta- 
Nb^, T a-Nb-N^, Ta-Ti^ ( Ta 
-Ti-N^&, W, Ta-WU Ta-W-N^ 

So 

fffilBA 1 *&ttA 1 S^ttS^WtnS (2 
2 0) li^K^®^fTfe:JiSJ;5lCElRlbfcteA&i: 
(2 0 0) M^^tCWlC^^ct^lcKl^L-fc^ 

5>i?x?izmm2nfzmmnm£&*>teK). mmwrn 
h7>iS7,?\z3: o mm z mmr z> maatmmn \z * u 

Ms^3em#ta«^ />&< tt>A i &£&ttA i £^ 

Ta, Ta-N^, Nb, Nb-N^, Ta-Nb 
Ta-Nb-N^, Ta-Ti^, T a — T 
i — N □ W, Ta-W^ Ta-W-N^fl)3 
^©l^©^S^i5&**ttJRSffi|aA lR*fct±A 1 

m&mi o] ai^6*:^u9o^Tn*>— wcib 
ttoffiA&K&B \z& tvr , 

iuIBA 1 M^fcteA 1 S^ttS^ROSI^J; 

t-r * & a^k£s. 

[if 1 1 ] Sff^J9l 6 U 9 CD ^-r*i*>— Wcffi 

[»*^ i 2 ] ht&h 6 & ^ u i i v>^irti&—mz 
ttmowL&mTx&miz&^T* 

as«©«cAf?^an45v>T, 

50 WEAl*##trft«W^ Al©WfcR*fcttgS 
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(3) 

3 

[MM 1 4] 

net DiKA&na-rMu^imic^^T. 

aftttff?**, Ta, Ta-N^i Nb, Nb-N^ 
Ta-Nb^, T a-Nb-N^, Ta-Ti 
Ta-Ti-N^, W, Ta-W^, T a - 
W- N^^O^^O 1 OO^id^&S^ 1 

mm i s ] ism l&^ts oi>-rn^— j^icts 

mum h7>v^^ia?) m^nn-r^fRAs^fi 
pi— ospffijgJKTf^s^tsttat-rsaeA^s 

go 

[MM 1 6 ] MM 1 5 lCE«E<D«A^^e^*5 
[MM 1 7 ] MM 1 5 S&li 1 6 fcffiflW>i£ As£ 

n^o^^o— j7<D&&m\zn* 9-**)\smz\-£n 

[i^M l 8 ] SjtfM 15^117 GH>Tn*>— 40 
fcCM©iftA*aRMHC*tr>T, 
HugS¥gti«#\ 0 nm^TO*3R{b#AS5S 

i, **ft#I«SiGe, **fb^AKGe<DV»-rtl 
A^S^CiSWRt-r^Aa^SeS. 

[MM l 9 ] MM l 8 IcettottA&acttBICi* 

a^fS. 50 
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[IBM 2 0 ] MM 1 5 V> L 1 9 CDVi-rn^— ^ 
\Ztm&WL A^tk^S iC *5 l,> T, 

jb icee© $ nt v * * d t t-r^m^m^m. 

[MM 2 l ] MM 2 0 IzettoilM&KKff £ft 
[MM 2 2] ffiftSUl;:&ft3ttfcj^e*Bff 

t> tftttfe&m^nmz&&-rz>&5\zM&ztLrz.vkm 
&&ttmizj&j&tsnfzmmb7>i?x? mrah 

h 7 >&7,9\Z.& 9 ttA&ffi&T£%A&^&B®&B& 

a. WE«WS±fcTa, Ta-N^, Nb, Nb 
~N££, Ta-Nb^, Ta-Nb-N^, Ta 
-T Ta-Ti-N^, W, Ta-W^, 

T a -W-N^<03^CD 1 OiB&JRtf* 1 <7)3I 

mas^A i *fc«A i &^j«»irs*^Ktfcnca!* 
£>xg 

C0^$:l^*-r^)XS^^t? £ £ £«r«£i-*iacA*3t& 
[MM 2 3 ] MM 2 2 ICSB^^A^^SCD® 

mfimz&^T. 

a*&B0»ft&&. 
[MM 2 4 ] ffi£gt 2 2 tcgB®<z« A^tkHSco^ 

ra SBia&fii & ^ x*7 c v d mm tm* a * ^ u > ^ 

[ISM 2 5 ] MM 2 2 fc:§Sft®% A£5k&B®S2 

m^miz^x, 

Aa^lfiOTttjfi^fe 

[mm 2 6 1 mm 2 2 \z&mom&&m&w<D$i 
mjjmz&^T, 



(4) 



a. WE»»S«±lcTa. Ta-N^, Nb, Nb 70 
-N£&, Ta-Nb^, Ta-Nb-N^t Ta 
_Ti ^ Ta-Ti-N^, W, Ta-W^, 
Ta-W-N^CO^^CO 1 co^- 

Mt^±i:a l sfcttA l ££j£#£-<r*^&ia£ 
[MM 2 8] «WE«±fc»^snfcjt3C»^tti 

^>vx*iz&&2tLfzmmmm£frt>ti:K). mmmm 
^mz^Xs 30 

a. MSBffigi&fcLLicTa, Ta-N^, Nb, Nb 
-N£-&, Ta-Nb^, Ta-Nb-N^i Ta 
-Ti^fe, Ta-Ti-N^, W, Ta-W^ 
T a -W-Nl^&CD^CD 1 OO^^ft^^ j 

b. mesh i <»mmm<D&mj5<o-&&®&*?2>j:m 

c ttrE^ffiJio— fiB*l»*Ufcmi<J!)WBt©±icA 
e. WE*3tm#***fctt«IEtt*©-IWtt©-»* 

i ***^frs^«©**»aBr*xaft$ujit 
ttE»»*WK3»r*iafc*/j6an&*« 



#(§§¥6-2 1 4 2 5 5 
5 

a. mmmwi±L\zmi omnmtA \ ^tma i 

b. ttoftfe&fe^nm<o—&<D&m&&zmmz&*<D 
m 

-tz>mnm<D?*>A 1 *&«a i 

d. ««±artca^s«jKa:^t.3ft£(75^JKk:iinxb 



f. »TE¥3>«:a{C5keVjpJL"F<Ox^;v^--eij>^ 

■raxs 

AT*xss^trci*4Wt-r*««toti6«©«jft 
mm 3 o] 1 wrnfr-m\zm 

^mcomm^mz^^m^vrcm^mm^^mt 

[0 0 0 1] 

/ttftmn&mmt cxm to znzmm b^>^x 

9 (TFT) 7^T^7hU^^o^g^ t 
[0 0 0 2] 

[0 0 0 3] 3i# % TFUm^MJ^XI^ 

t vkmtm&m tokens 3 -h ^M^±<o^f 
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tbT&tfsn-s. 

[0004] ^±<dmm\z^vx, m&frzm^omm 

TVt* mH&ftMm6 1 - 1 3 3 6 6 T F TO 

a*) - 

[0005] ag2o^hijv^^7^xeftH(ij«oajB 

BS6 3 - 9 9 7 &£raR&9Httff£&JHRa> 

[0 0 0 6] £fc, ^^BS6 2 - 3 2 6 5 H*tt, Itfc 

t ^1^-/^— >fcjtoX"r^> 
3CDt£3fc&%) . 

[0007] &3<t>m&&ottm*wm<Mmm6<o 
mm\ztti>x\*. m&\*temw2 - 8 5 8 2 6*p, a 

lS:^3EBa«i:U A 1 2 OaiR£y— h*6li«:fe£tfH 

mmm^u^Mzwzz-zct&xgz ($4<d^ 
*) - 

[0 0 0 8] ftHFff6 4- 3 5 4 2 1*4, A 

[0 0 0 9] 

^s*t, &*(o&mmmttwzh\s--\ : *7<Dmw : £. 



C5) #BH¥6-2 1 4 2 5 5 

[0 0 10] &l<7)fc3fe^j£f&2©fl»ftffi 

\zmmkfc<Dft&<DUi?7>h^x#&M&-rz>\z\t* m 

[0 0 11] g;^ 12©«MTH SttSTfeS 

«ffil:«k0TFTo>J-^ m«E7&«Ji JP UTHH^fiT-T 

z<omni&T&Vj±-rz>tzfo. ^femzmmit-? 
z>z£&mift~?&z>. b*>u K^^nxv^i-j 

20 T^^r^J^W^^m^^Tz^<D^h^7.^^l1& 

& *7=?y N/WI/T-fX^H ' 9 1J (B&BP 
*±1 9 9 0) 8 8I-9 6I(C^&ntVi5. 
[0 0 12] t^bT, »2©fi£3fca^tt, 3f£«flc 

&im*Mi&^*itib\z'fch' ! ?7.>7& i^cm^unti 
[0013] m3<D&xmstL$&4<DV&mtit&m& 

*fctt±JB<BA 1 £ffiR&fc£bT. 9»§B«&£ttgi$J£iBg 
[0 0 14] ffiiK<D^«H£J|£tt^ffl&$m. Wi&MXm<D 

*T**99itt«<fcBB8i£JRcOA I ©»&t^^Ttt, 

a i t>mmmm*<omm\z&r>mkznxRwizmm& 

[0 0 15] ^SOflejfeftffiKfcUTWU A I <7)±tCT 

<n$m\z\$A i ^tt0K-tB-r«»}t«>, JSft^^b^ 

[ooi6] &>±<D*^tf.mmfr*>* 7&&m^mmzA 
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Cffcft^hYX^Wft^. Uc^oT, 3*2 CD 

[0 0 17] 4 61c, TFTW-Mfigte 
■fcWWfHW* ^X7jMB*ftfli (PCVD) \z& 

030 ot:sffi©ja^T?^$na, **me*k:a 

l&fflV>££. PCVDIiWiUl^OtDy^ 

[0 0 19] ^^0|e«Jft ft/MB©sJrh^rX^»T 
[0 0 2 0] 

(1) -tffiSWSrSfiK-rSfc^fc, (2 2 

0) DS^^MJC^frizte^cfc^tcSar^b^^B^fe^ 
(2 0 0) ffi#tt«KWtefc*£5fcEflLfcfca 
0. 5&±T&*A lflUs&fctA ] £ 

[0 0 2 1} (2) *m ±i2BW^^r c?0 

fcfca&ic, (2 2 0) M^IK^Mic^fTtCtea«t5^iB 
|p|bfcte©fe<k (ill) mim&m\z s FR\zfc*Zi$ 
^ElRjUfctefiiattO^Jt^ 0. 5£JLbT&*Al 

[0 0 2 2] (3) *fg|9«, Sttrr*ltf» J:f£g^£ 

[0 0 2 3] (4) *«9Ifck ±CSfl»«U»-«^i6 
fc* *«cWfctt, Ta, Ta-N^ Nb, Nb-N 
T a-Nb^l Ta-Nb-N^, T a — T 
Ta-Ti-N^, W, Ta-W^, Ta 
-W-N-££<£>5*>£> 1 -D<D&mfr*>U2>m 1 

A 1 SfcftA 1 S^tn^^ftD^l© 

[0 0 2 4] (5) (4)05»JBSE««»©«^ Al 
IRS&ttA 1 S^iti^ifc^Sn* (2 2 50 



' #i¥6-2 1425 5 

id 

o) ffi^KaiJiiicJFfTfctesiafcEiRiixftttattt 

(2 0 0) M^JKsfelf^frlcteScfc^fcEfnlUfcJiea 

0. 5 SUIT'S ££t^M£LK, 
[0 0 2 5] (6) ±ea»£s^ 

e»r*-Ra*^«fc*^Tv ^s^m^^^m 
#m®®'>& < (220) BnwfltsffifcJF 

frfcftScfcStcEftLjfciiga&i: (2 0 0) MMS^M 
^WiCte*J:5KEl^Ufclsati£tco^Jt^. 0. 
5&±T&3A HS*ifcttA 1 &±fiiftt-?Z>&&m& 

*tfE*»»T»/*anT^*MaE3KM€»*-r* 

[0 0 2 6] (7) ±EBW&*£TSfc8ft 

^wz&mrz£?izffif&t£tifzt!kmm^mmii. 

S£#>5tee»> *Kb^>^^fcj:0«asffiSb , r-5 

^te<tt>~^^ Ta, Ta-NH Nb, Nb- 
N^&, Ta-Nb^i Ta-Nb-N^, Ta- 
Ti^t Ta-Ti»N^, W, Ta-W^, T 

mt. A 1 StttA 1 S^it^^^O^ 1 

<n&mm±\zi&&2ftzm2<Dmn&£\z£Qm&2n 

[0027] (8) (7) <om^^mm<om^iz\t. a 
j £&w:a i fe^jaafc-rfc-frftfc^sn* (220 

M3* t R^ffi^frtcte5cfc'5tEf«lU&<gaj&t (2 0 
0) B5^K«WfcJFfrtea:*±dfcElRlUjtttatttO 

#aw:tt, 0. 5K±trs. 

[0 0 2 8] (9) 2je56Ktt. 2*>|£, ±GSM&SJ^ 

wirt-sifca&^gffiKi^T, jtatte-s-TOtft, 
m2x±<z>mnm<Dmmm-e$>K>, Ta, Ta-N^, 

Nb, Nb-N^, Ta-Nb^, Ta-Nb-N 
Ta-Ti^, Ta-Ti-N^, w, Ta 
T a -W-N^&GO^CD 1 OflD&JKa* £>te 
^^mJK^A 1 B££fcteA 1 £^feJc^tr5^JR<0± 
S*i^lBfcEiHUfctta^«ia«:ft36t-Sfefl!)T! 
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11 

[0 0 2 9] (10) ±BB(6)&^M9)CDl>ftt^CD 
Wi&i&Tr.i&miZte^X. A 1 JR^fcttA 1 &£.!&ftt? 

[0 0 3 0] (1 1) £7c, J^B(6)&V>b(9)CD^f 
^O^S^^fSt^^T. A ll^^7tliA 1 &±J& 

ftt-rz'S&m** i£&m*$mm<D—Mmfr*>o. icm 

[0 0 3 1 ] (1 2) _h§D(6)7kV>b(l 1)<7> 

[0 0 3 2] (1 3) A 1 &#«}2:-r«16«BI», 

wet*, a i owi«sfc»jaflah?*5. 

[0 0 3 3] (14) #3S93tt;, igBlW&S.filcTSfc 

^OttttM?^ Ta, Ta-N^, Nb, Nb-N 
□ Ta-Nb^, Ta-Nb-N^, T a — T 
Ta-Ti-N^, W, Ta-W^, Ta 

t. m\ <Dmmm±\zm&t<nrz&mwbm>e>tiiz>m 
wmi&m£\zj:VMf$2nrcm&&m&M&i&m'rz>* 

[0 0 3 4] (15) Jiffi(l>fc^L<5>©V>m<Bie 

[o o 3 5] <i 6) (i 5)ne^<D«ta^Sia©« 
<&, *mim#&zf%m*m{*mizm?%v-b&mm 

[0 0 3 6] (17) (1 5)Sfctt<l 6)<Z)i&ffi&3*& 
[0 0 3 7] (1 8) (1 5)te^L(l 7)C0V^-rn^C0 



(7) <ftM¥6-2 1 4 2 5 5 

12 

Ta>**ifc#MtS i, TK^MISlGe, 

[0 0 3 8] (19) IW^, nfifeitfp^tttt 
¥^#:M^Silci5ViT 1 0 2 1 cnf 3 £UiT& 
0, ^ffii^r-hiiW(DMT1 0"cm"»JBrFfc. 

[0 0 3 9] (2 0) (1 9)<D^?nfr<D 

[o o 4 o] (2D &rz, imta&x&y—bim 

[0041] (22) *$m\t, ±Mm$}*m& 

j£*f£^*s wom- ^ cfc -o izmi&z ntzBk&m^mm 
t* fe&mnm&tifr&mnm.mojzm&ttmzMj&t' 

a? mmr^m^w^mn^mm^mz^x, 

a. IfeiltiCTa, Ta-N^i Nb, Nb-N 
Ta-Nb^, Ta-Nb-N^, Ta-T 
i Ta-Ti W, Ta-W^, Ta 

-W-N^CO^^COlOCO^JIS^^^^^lCD^m^ 
£A 1 SfcteA 1 <cjfejSj&»t-rs*AB|t«fti|i-C« 

*f a X*S £ ft trffiEM^Stt *>» Jfcfrft fc^ST £ t> 

[0 0 4 2] (2 3) (2 2)0ttOft^Stt0>atiKMfe 
fcfc^T, MKU. IfcifigKbSfc, ^ 7 Xv»ftft y 

[0 0 4 3] (2 4) SftfadS&KL 7*7X7CVD 

[0 0 4 4] (2 5) Ifii^YX^tlT^ 

^ &m^mm&mj&?2>m%&<D-o*>A i &tz\tA 1 &± 

[0 0 4 5] (2 6) »10^aRtAl*fcliAlS 
[0 0 4 6] (2 7) #3£qJH£. $^{c, ±SB@^^B 

fe&m^M\z&&?z&5\zM&2nfzikmn^ 
so mmt* ^.mnmm^mm^m^^nmzm 

-405— 



SDCXJID: <JP 406214255A I > 



(8 

13 

a. *fi»S|R±tta, Ta-N^, Nb, Nb-N 
Ta-Nb^, Ta-Nb-N^, Ta-T 
i Ta-Ti-NM, W, Ta-W^i Ta 

-W-N^0^© i tJO^JR^S^^Jg 1 <om*M 

[oo4 7] (2 8) #§F&§m±, ±iae«&^ 

a. iiSfi±CTa, Ta-N^i, Nb, Nb-N 

Ta-Nb^, Ta-Nb-N'&t Ta-T 
i Ta-Ti-N^l W, Ta~W^, Ta 

- W - o % <D 1 :3<0&JRj&> & & £2* l (D^m^ 

£^i£t"3X;g 

b. mi0mmR<DBtmm<D-B*!6&-rz>xm 30 

m^^«fiJc1"^^mMco^^A 1 ^fdiA 1 ttti&t 
[0 0 4 8] (2 9) ±IBB»«j«-r«& 

tanx lt»mw«i *wm-% xn so 



1 W6-2H255 
fit© 5 15 A 1 3-fcttA 1 *±^t^S^B|CD**I^ 

3rfsx*i 

d. ««±M^a^ttffijRs^u^£<z>^«tiiaxu 

e. htWR ^SfrKS^tfcf SXS 

g. y-MWMt, **friR*^-^^->{cjtoxr* 
x$g 

*xs*^tfj«a^feiBcoaoi^*^t-sfeOT? 

[0 04 9] (30) **?l!tt, ±E(6)3ttUK2 1) 

9 ) © urn* ©«ii6:frsfc ic cfc fc^a^ia * 

[0 0 5 0] 

[fPffl] (D(2)(3)©J:dfC, 
F3l£0. 5£4JiTr*5A 1 *^£#t-rs 

[0 0 5 1] AfcWfcWu (4)(5)(6)(8)CDi 

5fC* Ta, Ta-N£&, Nb, Nb-NM, Ta 
-Nb^, Ta-Nb-N^i, Ta-Ti^, T 
a-Ti-N^ ( W, Ta-W^, W-Ta-N^ 
l.o©^^)^^ 1 Oiti^ mi (Dm 

nm±\zMi&2nrzA 1 *&m:a 1 s»»tt*^ 

1 ES£fcttA 1 *^^tT*^K4»CD (2 2 0)1 
^BI^MIc¥ffl^^cfc^tCiEfRjbfc«gS&i: (2 0 

0) if^R^ffi^^frKft^i^KErtiUfcitefi^ft: 
^i££0. 5J^±^-r^,h, Al^I©tPy^0^ 

[0052] mo^st, «[ssfe«$%a^iss 
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[0 0 5 31 (9)0<fc5l:, Ta, Ta-K^, N 
b, Nb-N^ ( Ta-Nb^, Ta-Nb-N^ 
&, Ta-Ti^, Ta-Ti-N^t W, Ta- 
W-£&, W-Ta-N^05^ lOO&JK^, All 

[0 0 5 4] (10)©<fc«5C -LI2A 1<7)^M£T^T 

£h\z. A l*B5©t:ny^58^CTc«iS!tf^«. A 
I S*att*ttiWiLTll (1 3)<D£5K, Al 

[0055] c i i ) o j: 5 a i £5£jate*HB«©— 

SSSR^e> 0 . 1 cmJ^±fifnfc&®{CO^^cU, A l CO 
T/ilCSB©bfcT a, Ta-N^ ( Nb, Nb-N^ 
Ta-Nb^i, Ta-Nb-N^, Ta-Ti 
Ta-Ti-N^, W, Ta-W^ ( W- 

[0 0 5 6] (1 4)0>J;5I;: % Ta, Ta-N^l N 
b, Nb-K^t Ta-Nb^, Ta-Nb-N 
Ta-Ti^t Ta-Tl-N^, W. Ta 
-W£&, W-T a-N^£CDS^ lt>(0&K£-E-©± 
JB fc»J« U & &M&*fc&;^ 6 ft S j3£OT$miR tC <fc 0 ^£5 

^ttsai^&fiififc-rst, ^©jft^ait^iRiJi-r * 1 1 

[0 0 5 7] (9X1 0)(D«iS«. A13fiffil3riElfc 

jfc-efr** ifc^t, ±iaffii£-tt, i^kx^ 

XSftoMK WJBP*tt»ffllfe«. ~>a 
[0 0 5 8] (12)^51:, 

wmm^wn b ? >vx^oy- b^mt urt>m>* 

[0 0 5 9] (15)<D<t^tC, (4X5)©«ig0i£fflS 

^mmttT&m&&7f:$imz&^T, y— mcmh^ 



<9> W6-2H255 
[0 0 6 0] £CDPS. (17)Oj;5{;. ^^3BlK)p^ 

la-Si liMa- S i mnmnMIRItiiWZ ^fz. 
ia-Sitoi^>^|[.t^ 9 LfcritoT, 

^ [0 0 6 1] ifB$jg©TFT{C*>V>T, 7— X. Kl^ 
-f t¥3»flcJKt S ? ^ Kin >^ ? b 

%-&%>\Z\** #iM*(7)ni0!)^«$ 1 0 21 cm 

tit, mm&<D%k&<Dvm?FM%i&m 

^^A-T^t, ^W*«ffi<D l/2*fcJfcWLTIR*<B 

[0 0 6 2] ^uT, (1 9)00^5^, ^At-5nl^ 
>G4ftFi:pS[^*fiitoOjBlffiS:, ^ffiT 1 0 21 cm" s J£Ui£: 
U **#ty-h*»MlTl O^cm'^T^r 

«WMss<T©5F«*«as*«<-r*t, 

[0 0 6 3] (i 6><i 9X2 o)w«fc5^ mmm^m 
frZtezm^m*¥^&£?-btmm<DTm\zm 

mmmtwm^mmt<D~>3-b&to±v^mmm 

50 tti:««fS^«ffit(Z>Wcr>ffi«*f8/jNUT'b, ->a-h 
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[0 0 6 4] &W%t>\t, TaJ^^^Lfe^ mzt 
TJZ&VZt. (1 1 1) mfcwm<ter), (2 2 0) 

m^miz^Tit, TaiimtsAiii mmm 

®^CD^#T^^^^V^ (2 2 0) 

•fi^mztiz* (220) ffi*j« ^ritfir* ±&t 

[0 0 6 5] ^^^cO^O^^^JCO^^i^/^ 

tz tjsTco^mmmmfr ^ «^ * t& 

[0 0 6 6] 

mmmn muz. *&wiz£zmm&&$in(D-m 

*bn>xrty?mz&Q, TaJRl OtA 1K1 1 t 

zfi'yTs i ± \z m&mm u > m— on $—>\z mn 

[0 0 6 7] ±i©AlKllH TM<D&m&&tfT 

(220 ffit^Ei^ufcjea^ffl&fi-r*. 

T (bcc) ^Wf^TaCD (110) ±fcffif^>ii^ ^ 
?- ( f c c) -?££A I (111) fcE 

(111) EWi<^o, (2 2 0) ffi^« 

^ < & s n t fc^g^.^ nfc. 

[0 0 6 8] 0 2tl ^7XMl±iTaI10t± 
fc^tl^ftHMfcL&A 1 IR 1 1 <D&m<DWi!h&ttMlsT 

te, 10 0 nm©i£©i$$cDkn^£iO*U<oa>^£ft 

«^3&:IHIi!!i*s&^<3f6iUTVi«t>©0!), ^koy 

[0 0 6 9] (2 2 0) W&&&ttz\z\* % ^Rf{- 



#KW6-2 1 4 2 5 5 

C£&<, Ta3tif©»|l4t€rfi|ofc**, mffiVTfc 
&tS&lti;Vrtlfc (2 2 0) K^aj^U^V^t^ 

a^I(:H 2 0^!SfWM$n, (2 2 0)®cOM 
ft*fittiB=:6«i:^. ^Wli TatAl ££^ti 

$i*£,6feK:cfcO#j8&T (2 2 0) Efa£ftfc. CCOck 

S^Sl^LT^fiSnSO^ fi£3fc©J:5fc, Tal 

TfttfirSJiH (2 2 0) Bff©«ft^*tH«*n*. 

[0070] S3ii *mi0m»\zmtoi£A xmmo 

^^s«fc^tcgei^b^s!K<o#:^{c:jtfy-rs 0 (22 
0)©iH]^fcr-^^(i 1 DiHiJFrtr-^o^Jtn 

*©A lJKtC^^TttO. 1 5Tffet3&*t % #3&gH0>A 
1 MiC^^TH 0.7aJht^<&-S. IfefcOAl 
WfcJt-CT, *^0Al||m (2 2 0)»6©@ 

ifrtr— ^*«**<ttt), (i 1 D®^e>o5iiiSTtf-^^ 

»^LTW40^i, «cDAl^i(l 1 l)M 
(2 2 0)lG)^mO, £#«fcL.Ttt^>^fcEfo 

£OitH «OAllTH «^tf#ao.5-C»ot 

[0 0 7 1] ft*, LS iTfflV^^Algei 

fc^VJTtt, A 1 ^fiWMbt§tXl/^ hDT 

tt^T-TS&J&v Altt(ni) ICfiBfcSSlfll^-tHa- 

«for*iM h 3 WLA&'J>££^tzSb\Z± 

-TlCfeHTMU gBISUg**l 0tfmSlT*0, LSItC 

^b^5, A 1 »kD>^^mg^]ya- h&JH 
ftlClt^fiST**. U*T, (2 2 0) 

[0 0 7 2] H4tt, ±iba imcDx^tnj^^^^n 

(2 2 0) OEiffh:-^^^^ (2 0 0) Eiffhf-^ 
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tu>y?mm*(2 2 0)/(2 0 0)Jt^t<a5t« 
4>U (2 2 0)/(2 0 0)Jfc#l. 0£UitCte£><b. h 

[0 0 7 3] ™^4tLTH Ta^m<, be 
c^^H^^^:^-r^^^|T^ni^<ttio Ta 
-N£*&, Kb, Ta-Nb^, Nb-N^i, Ta 
-Nb-N^, Ta-Ti^, Ta-Ti-N^ 

<, Al-Pd, A 1 -Ta, Al-Ta-Ti^OA 
[0 0 7 4] *^<£>A ^Mtf*if#&T 

[0 0 7 5] 2» m 5 fct ±JE*%BJ<Z>£UgSB 

[0 0 7 61 ^7XS^l±(lTa^l0i:Ali^ 
llT&^Efc^n. cn^cD^'iSi*5<tt;iBiJftitiT a^O^ 
20 £A 1 2 O 3 0£2 1 CJ:oT^I$nTl^ 0 CCT 
fcL Ah0 3 i2 1tl 2^^(D±^^$>^A1 

Mill 

[0077] *njfiwtj:n^ jB^u-^-r^A i tt«E 

fcifelfcLo-^ j£&&ira«c{£Jg£L0>A J m 

^n^ ( ^suaJtJttt^icatt-rstrji, xtso. ic 

&Stt*#ififcU A hOsJES:^.^ 
iLT««©A 1 tS*Xyf>^SbTMi«W 

□ y^CD'MVs (2 2 0) ffi|nJ(7)A 1 tg^ljg^tU 

WAnoAliOiR«Bm»ttR2:UX¥Uffi-C« 
[0 0 7 8] «^M^f3» H8R. *SH3lC«kSiRfl« 
Tfc*. H9H H8 0A-AB8fe*9t*rrtl3^&JlfcK 
[0 0 7 9] *«JMa£*flretttttt. 2H(OTai& 



20 

mi o t;in£iCckOte££$ft&A mi it©3 

CDgt®:fe<kZflHfflteTa 2 OsJg|2 0 <LA l 2 0 3 |g2 1 tc 
<fc0*fi$nv S±llTfe§Talil0OMH 
t^tTa 2 Osl2 0«^ntl^. Sfc, JiJgjgl 

[oo8 0] *mmmizj:ti\& &i$mm<D&&£m 

10 t$<D?J}mzmZ-T* ifcOT$O^^Ta2 0«R£TF 
T©y-K»ftJK©--a5tUT3p|ffiTtr*<Z)T, TFT 

fill 0KJ;DA l til 1 wtD-/^5e^S$6tcWi«i| 

[0 0 8 1] HlOtt, 2 

telli^cD^^lfr® BIT* £ a 
[0 0 8 2] ^XS«l±l:Ta«|10tAlW8 

a? fccfctXOTafi. Ta 2 Oo^2 0tAl 2 OiI2 1tl:«J: 

2 2, a-Si :H^3 0, n^Ja-S i :HJ^3 1 OW 
fc-Zti. $ & l:nS a - s i :HR 3 1 ±l:tt«j|i^ 

Ii:liiTo»f,^^®^tii 3«i$nrii 

m^^fis 1 1 1 6 ttt, #Mi^MtT 

30 [0083] mi n*. mmh^>^7,^mw.(D^m 
ft^m®©?-^ ±m<DA \mmi 1 Ah 

0 3 ®£2 1 fc<kD*HRU Tatg*6l 0£A l:O s ei2 

fc, Tam^lOli. ITOttSUTraiTi)^ 
**»«T?tt» TatITOfcORf&fcJ:oTTa/I 

t I TOftia*-&*)-&fc*-&fcJt'<, 
40 TailTOm mmW\Z£Z>Zl ? h 

. [0 0 8 4] ^I«H TiftMtLTTa^ffl^ 
fc^, TaOT:t)Ta-N^, Nb, Ta-Kb^ 
^. Nb-N^i Ta-Nb-N^, Ta-Ti^ 
^, Ta-Ti-N^ ( W, Ta-W^, Ta-W 
-N^Tt, H«fc;2&*a*ft5n*. ^ic. Ta- 

n-^t i -xm<D&mutt,fo*m»z£> &mt i to 
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[0 0 8 5] H 1 2 H3 1 6 fcL ±SB$Ui«©H5|R3|5^i 

ttfflacofijsxg&^TisiT**. z\n^om<o^m 

[0 0 8 6] il2(:^Tit ^7XS«l±CTa 
Ml OtA I Bin 1 t^/Vy^j^Kj^^^ 

[0 0 8 7] 013 tC^ViT«, BUM&tcJ: 0 T a 
mi OtA 111 li:O^Si^ < t^®tCTa 3 0 6 K2 J0 
0 tA 1 3 0 3 ^2 1 

[0 0 8 8] H14fc;feHTfck Ah03l2im 

^»=6U Ta«Ii0SftB^5, J|.fb 
*3s(HB r)t3tt!i(BC 1 3 ) LOM^a^SX^fy 

1 3 43£tX*»T a OfiMK 1 3 1 fcjg^ra. 
[0 0 8 9] Hl5iC*UTfS, ^XTCVD&CJ; 
^ ^-KSiNl22, a-Si:Hi30, n^a 
-Si:Hi3 1MU a-Si:H^30, nfa 
-S i:HK3 1 Sr^<Ojf^^tC/^-->^U m> 

[0 0 9 0] H16tC*5ViTtt 4 Xrty^U>^fcJ;0 

ftt 1 4 tV-XM 1 5 «J:Ut«fi«i 1 6 «ft 30 
Wmz. ^7X7CVDifefcJ:DfiWSINR2 3 

[0 0 9 1 ] amKMH^nO. Affm£W?£Kjft* 

A 1 ^ffiCDbn»y/7CD^j^Jtc<fc0, 

[0 0 9 2] «±CD|tJS«Ttt, ttMMCTat 
N, Nb-N, Ta-Nb-N, Ta-Ti-N^£ffi^ 

xt>mmzmm-c&z. ttAiicHst. a i - 

Pd, A I — T a , A 1 -T1-TaSPG>£&£JBV>Tt «fc 
[0 0 9 3] S ±E3WS«fc4i^T», A I 

inMUcAho^m^ttt, nwamft? 50 
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hS iNJK2 2i£^^fe < hfCff^^T 5 bi:^ 0 

y-hS i N12 2Jb&JDXr*fc«£)©^h 

h£^<£££Tam® i o ^Kaj^sfcao-r 

[0 0 9 4] T am^fSffi^U^CD^Xvicy- 
[0095] mmm 5 » \z£%wmm%^ ^ 

«fc«kOTS*««£:a« % TaRl4 1, 15 1, 161 
fcAHJSl 4 2. 1 5 2, 1 6 2©iitit^S)5: 
*. no«ko>i«ig&SfflL&2:ifc<kr), A1JR14 

2, 1 5 2, 1 6 2 #(2 2 0 )§2fn] £&&CDT\ Kfcafc 

^fcH*tJ:0. §«2 3fM0»®(: < t^Al 

[0 0 9 6] «*«6> HI 8tt. B5K:^U&a£lfi 
M2 0D#l5aS:^rrs^m^S«B^^T«l|^bfcgiJ<Z> 
?^^^^^#CD^^JC01j^^>efi : MI3T^'5o E| 1 9 
tt, HI 8©2W0!l<WffiH'Zr&*. 

[0 0 9 7] ffilB^MUf^m, ^f7XS«l±tCTa 
WlOiAItill ^ 

2 0 t A 1 j OiR 2 1 t OM^nt^S. rtlS 

w^3SE{i-^mai±fc®j^4 o odibcds i Nik 2 2 tmm 

5 OnmOa- S i:H!3 0 t^m~(0^m^lzm^ 
tls a-S i :HI3 0±ltttWIMt-5M 1 4<hV — X 
til 5*W$tlTt^ e v-xiii5t:it IT 

[0098] mmmmi 3n si ni^2 2(DTmiz& 

mZtl. a-S i :H^3 0£S i NJBI2 2fct &&fi*§- 
mm 1 4 OT»{C««l«^«ffi 1 4 fc»«3T8EftLT*5 
0> a-S i :H$£3 0 <h S i Nl2 2ift W^it^ 1 

stisej&s^ffii 6 tttmp^fi^^uT^s. cine 

4£2SS i NH2 3T?«iffi$*iT^<&. 
[0 0 9 9] 02 0ft E\ 1 S^OA-ABifMfC&tt^ 
a-S i :H^3 Ol^O" Pt u B©^^©igM 
&^-r^T<fc£. H2Ut ii 8*©B-BSr®lc$3 
It&a-S 1 :Hj^3 0C3©»«Pt" BOjSRS^wjftfig 

[o ioo] v-*msn 5 tn>*s? n-tsb-bbf 



\jctnnnin- <-.ip iinfioiAaRRA i ^ 
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[0 10 1] ^±CDj8j&K£9> SfclCidi 
Si:H«3 0ty-hSlNi3 1i:#, l#0*h 

^®<h&#Bi-Tf£ 5 CD"?:, a-S i :HjJ83 0©«^ 
fljflgtft*. a-S i :Hj&3 0CDB$|Jg£6 OnmfiTF 

KltTg, &»ftliS*«»&n*. a-S i :HI 

30^ f»J»^rsi«^*^ET»ofc5 L ^^;^» 

c. Mttil3^Mft^Ml4^ a-Si:H 
i3 0 ty-hS i N8£2 2\Z<kK>ftm-£ftZ><D-?. m 

3. i^f i 1 3 ^i^M^tl 1 4 

[0102] l§| 2 2 ~ 2 9 I M 1 8 CO^SSfiSJCOSSiigX^ 
ifcTaRl 0£A 1R1 lt€^!7^'J>mD 

1 «tt©3fcffi*J J:rJffl«ffiHT a 2 OsSI 2 OiAh OsJgl 

2 1 tfcJMBf*. 

[0 10 3] H2 3fcilHTtt, X/ty*'J >^(Z<fc 
0, I TOm* 1 1 0om*IMI£i^ PlsXW 
1 3 

[0 104] H2 4«C*ViTtt. ^XTCVDttfcJ; 
0, y-HS i NIB 2 2£4 0 0ni*fft£<& a- S i : 
HHS3 0£5 OnnJgjGfc-r*. 

[0 10 5] 13 2 5fc*»T& PHs^(DM^7 

sf->&2keveae©«x*;u^-Tiia5tU. a-S 
i:Hi30ICP^Af^ dO«k "5 &?5&#8JtUfc 

tt, 0i|*_fcf4$DH¥2 - 1 9 9 8 2 4 mz&\,*X&WWr 

[0 10 6] H2 6fc45UTtt> *N'JV^77^ttff 
IdckD, y-KS i N^2 2 <ha-S i :H^3 0 
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— ©virattKinx-r*. 

[0 10 7] m 2 7 IZLcfcViTfcfc, Tl«ftfeX/V;^U 

tV'-Xfil 5£^§m&l 6 
[0 10 8] H2 8tC*5ViTtt, ftft^tKHtV 

^BH + , B2Hi+«¥©<^>&2keY3g^©(S;X^JI/ 
=F-TBBItU a-S i :HK3 0©^^^JMS«fcBS 

^Ats. zntz. mzm*vt&ffi\z*s\,*x, wtm#7, 

[0 10 9] 02 9 tC&^Tte, MS i NR£?Bje£ 

[0 110] ±IE«5fiX«S€r«gffl-r*i:, RlCj®^&«k 
5(C, a-S i :HK£3 0 €»J^r*Rfca3teET* 

*mmtx%z> 0 mz, ^m^xmtvxn&^mv 

[01113 03OH, *KH®tt&*5%SKic:&(*s 

TFTS«©^flfilElKT?*S. ^7AlIl±l:, ftft 

GDj££fI-*rtsffi 1 o/i it, ctitcit^T^^co^ 

^i/U^. M^m^f&mi o/i uw^ii 
4 ,te>£i> *>&-jj(Diftmztt.. n«SR»»aco&8£)<o 

[0 112] iMfc&fti*r«K:tt, ^m-^mSl 0/ 
30 1 l\Zte&K)VXm^*muVT--ftft<DTFT&*> 

w&tu ^nmzfcmmnmmfrzmmm^&mikm 

[0113] B3 lit, #S^<0«B^SBfc45tt* 
»J©TFT£«©^[3fcT&S. ^7X1^111:1 

»ojt3iE(s#«4fi i o, nt. zn\zi&3£-?z>m$t<D 

fcHTtt. ^^XSfelXfZ, TFT&eit«&*0 
40 ^^{I^Ih1SS2 0 0& c fctff&{gim^fH]5&2 1 0#, TF 

G>HE»*m £ £ iSffl T £ £ £ t 'b ^ ^ Ay T h Z> . 
[0 114] £JL±5jB^/tllJfiWt^ViTtt- 3^^^^- 

5^ *fcafflRr(lT*D. R»©»*«f»*!lt3&tT*S. 
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[0115] S3 2it *mi\z±*nm*mmm\z 
— n<Di$ 7xa« i *5<fc^5 o 8 <D^mmm7?zvffi$\& 

[0 116] ifcflS5 0 6£g*Plc, T^cDtf^XSlS 
1 _hlc^ ^Sm^BS l l 2:Mft^lS 14^7 

fc^) *»§*An*tt<3tf^X**lfeJ;at5 0 8<!E)» 

[0117] ^ifij^f^xsiRs o 8w<z>Mmmms i o 

tt, 4>fc< ifeH^fcfc^T, £g^-x h#S I Lie 

IgTMStlS. SSfnJffilOR 11, OR I 2, Ifif^tg 
«13. «»JK2 3, *7^^fla»5 1 1, V 
-NS i N^2 1 ©*n*n<Z)Htt, y-JWSLCDrt 

if:M$nxi^„ «36«5 0 5tt, -etve'n-*t<z) 

[0 118] 0 M5mDfi£&0&g'*- 

^T^SBfpJ^O RJ l<h±g&SSfaJg£OK l 2£©Mfc3* 

fiBlORI lfc ^7XMlMil230±^|: 

mytmsiz, *7-7^M5 0 7, Xv—yj)),* 

«sks i i, hams 1 o, ±firaefijgiOR i 2 
[oil 9] ^cQ«ta^i6a^ #^x£«nii£*f 

±T#7Xg-&l:fc«fctf 5 0 8£ffi:;fc£fci^ 
&<W£©j£3S£ffl*««l 3g&#TfWT<5^ TFT 

ran©* 9-*ii.^(ee^ri5$n^. 
[0120] *mm<ofM&mmm\& 4&im<DA 1 a> 



#l¥6-2 1 4 2 5 5 

[0 12 1] 
[EIffi<Df©^fj:iJfi^] 

[02] *9«*l±tTail0tlfc«iflii 
^LfcAimi l^^ffi^Mdb^it^UT^f (ST* 

[S3] *^©M5»t^^fcAl»R©Xj»[aiiff^ 

[0 4] ±EA 1 K©X»leiSf^&#5nfc (2 2 0) 
<B@0rhr-*:feJ;tf (2 0 0) ®ftt:->7<0&&jk±& 

30 [m 5] ±SB*»w©s[«Eai»^sfflViT*jBKL&?ae 

[0 7] Ba6©A-Affi*^>fiF^e ) l.fc»rffi|grT* 

[0 8] *Kmz&*m8&m&m<ottm^*mv>fo 

[0 9] H8©A-ABtf**«l*|Rl^65.&»fiSBrT* 
30 [010] H5^bfc^J6W2<3r>fl|j£^-r*^*e 

[011] #«h^>^^s«©3aE*^mii©^as 

[012] ±ffi^Jte«©»8J|^#:^fB©3Sl5Sxs@S^ 
T07r&£ e Hco^M&JHu ^fI^«ffiSg^^o#x 

[013] ±SE^Jfi«!IO*IR^#fl£geoffl3fixS&^ 
T0T&3. BK&sfeflSfcL ^^m^^^cD-frX 

[014] ±te^^J<D^^^gigO$J j *X5g&^ 
[01 5] ±ffi^W0f©»|Ri|£3^|£«oSJjgxg*^ 

[01 6] ±1E«li«roffK3|£4|E^iBa>«j&xS«$ 

50 [017] *«noe«imftMtt4wiiicafflL%; 
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^£B£>Br®0T&S o 

[^19] mi 8(omfeM(D¥-ffimT$>z> B 

[0 2 0] 01 S^CDA-A&frcEK^ttSa-S i : H8& 
[02 1] 01 S*P<DB-BWimiZ&tfZ>&-S i :Hjg| 

So 
So 

[13 2 3] 01 8(Z)^5S^J<D§JiiX^^f #tdS0T& 

So 

[0 2 4] 018 CD^^j(7)^X^^^-r^cS0T^ 
So 

[0 2 5] 01 8O^^JCO^3:^^7K*r^rM0-T:& 

So 

[026] 01 8 (Dmmm<Dmmj:m&7f;'?wimm-c<b 

So 

[027] 01 scommmcDmmnim^^-wmmT^ 

So 

[02 8] 018 COl»^Klg^^t«0Tfe 

So 

[029] 018 <Dmmm<D&&j:M*7ik'r%TW^$> 

So 

[03 0] ^^I^II^W^TFTIfO 
^WIhI&T&So 
[03 1] *5£W(Dm£h&Kl&m{Z£>tfZ>W}(DTFTm 

[03 2] ^B^lciS^^^e^iD^Lfe 
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1 ^7XM 

10 Tali 

1 1 (2 2 0) mz&faLtzA 1 mftR 

1 3 wm%m 

14 R^f^Hfe 

1 5 v-xmm 

1 6 ^sms 

10 2 0 Ta:0 5 § 

2 1 Ah0 3 I 

2 2 h S i NmSj 

2 3 1 N§£ 

30 a-Si;Hg! 

31 nia-Si:Hi 
1 4 0 ^IKtettaS^ 

14 1, 15 1, 16 1 Tajgl 
14 2, 15 2, 162 Ali 

200 m^m^m 

20 2 1 0 l*ttflre[Dl& 
5 0 5 ^ftfg 

506 m§km 

5 0 7 iJ7 — 7 4)l>& 
5 0 8 ^^7XM 

510 Mfamm 

5 1 1 n y-7 4jv*mm 

5 1 2 

bl n-^^h 
o r i @arpM 

30 SL i—)Vtt 

S I L h# 
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. (a) (iH)gd(SlA/ 
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' (b) (220) &faAj0 
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